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Abstract 
In this paper, we presented our research results on the implementation of approximate dynamic 
programming design for diesel engines emission control. The goals of the present control design include 
reduced emissions, and maintained optimum performance under various operating conditions. Using the 
data from a testing vehicle with VE-pump engine, we developed a controller based on the idea of 
approximate dynamic programming to achieve both Nitrogen Oxides and Particulate Matter optimal 
control. The goal of Nitrogen Oxides and Particulate Matter control is to satisfy the state-Ⅳ emission 
standard. For both control problems, excellent controller transient performance has been achieved. 
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1. Introduction 
The PID controller is widely used in linear and nonlinear single-input single-output (SISO) control 
system and it has solved many practical problems. However, for its application in multi-input multi-
output (MIMO) nonlinear system, especially in the coupling system, the system usually can only be 
respectively controlled after decoupling. The control coordination is not very well and the integrated 
optimization effect is not distinct. 
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In fact, for such systems, it’s not necessary to linearly approximate or to decouple it, because there 
already have many effective non-linear MIMO control methods to solve such problems. The diesel engine 
emission control demands integrated control of intake, exhaust gas recirculation (EGR) and injection to 
meet the state-IV standards of Nitrogen Oxides (NOx), Particulate Matter (PM), Hydro Carbons (HC), 
Carbon Monoxide (CO) and Carbon Dioxide (CO2) (mainly NOx and PM) under various conditions 
utilizing in-cylinder purge with after treatment systems. This is a typical constrained, nonlinear, coupled, 
MIMO, time-varying system optimal control problem. There are many techniques that have been tested 
for emission control: the pilot fuel injection [1], the model predictive control [2], the hydrogen and fuel 
reforming technique [3], the exhaust gas recirculation technique [4] and the diluents technique [5] etc. 
The high pressure common rail diesel engine can reduce NOx and PM emission simultaneously and 
therefore it’s easier to meet the state-� standards. But for VE-pump diesel engine, we intend to adopt 
ADHDP method to achieve the optimal cooperative control of emission for state-� standards. This paper 
adds another dimension to the existing literature on diesel engine emission control. 
2. The design of ADHDP controller 
The analysis and test have demonstrated that the emission performance of VE-pump diesel engine is 
mainly determined by four parameters: intake, EGR rate, fuel injection quantity and injection timing. The 
emission control target variables are mainly NOx and PM. 
So the controller optimization aim is to provide proper control signals of intake, EGR rate, injection 
quantity and injection timing to achieve the optimization cooperative control of diesel engine NOx and 
PM emission so that it can satisfy the state-�standards. We adopted action-dependent heuristic dynamic 
programming (ADHDP) design here for it doesn’t need the model of the controlled object. The design 
principle is shown below: 
 
 
Fig. 1. The schematic diagram of the ADHDP controller design for diesel engines emission control 
2.1  The design of utility function 
  In this work, the local cost function can be defined as follows: 
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  Where the and are the measured real time values of diesel engine NOX and PM 
emission. The and are the optimal target values of each stage for diesel engines NOx 
and PM emission. The utility function defined in this way will make the actual emission values of NOx 
and PM tracks the optimal target values. So we can design an ADHDP optimal controller accordingly to 
minimize: 
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2.2  The design of critic network 
  The critic network is chosen as a 5-12-1 structure with 5 input neutrons, 12 hidden layer neutrons and 1 
output neutron. The 5 inputs are the NOx value, the PM value, the EGR rate, the injection quality and the 
injection timing; the hidden layer uses the sigmoidal function and the output layer is linear. We use the 
critic network to output the estimate of , and our aim is to minimize the following error function: 
                                                      ( ) ( 1) ( ) ( )ce t J t U t J tγ= − − −                                                       (3) 
                                                                   2
1( ) ( )
2c c
E t e t=                                                                    (4) 
  The weight update rule is the second-order training algorithms [6]: 
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Where is the learning rate of critic network, cl γ is the discount factor,  is the weight vector in 
critic network and is the Gauss-Newton Hessian matrix. 
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2.3 The design of action network 
The structure of the action network is chosen as 2-8-3 with 2 input neutrons, 8 hidden layer neutrons 
and 3 output neutrons. The two input are the NOx value and the PM value. The 3 outputs are the EGR 
rate, the injection quality and the injection timing. Both hidden layer and output layer use the sigmoidal 
function. The aim of training action network is to minimize the output of critic network, and the 
weights updating rule is also the second-order training algorithms [6]: 
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Where is the learning rate of the critic network,  is the weight vector in the action network and 
is the Gauss-Newton Hessian matrix. 
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3. Experiment and results 
The testing engine is a 4-cylinder, non-turbocharger, four-stroke, direct-injection diesel engine. Bore: 
86.2 mm, stroke: 85.6 mm, total displacement: 2.0L, ω-shaped chamber, VE injector pump, the maximum 
power: 104 kw (4000r/min), and the maximum torque: 310 Nm (2000 r / min). 
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3.1  The experiment design 
We first take the value of NOx and PM emission under starting and various load conditions. Then the 
reasonable optimal standard for the NOx and PM emission at each stage can be presented according to the 
testing effect and the state-� standards. At the same time it should has the least influence on drivability 
and fuel economy. The ADHDP algorithm was implemented with Matlab-Function. This Matlab-
Function modified the engine management Simulink system, and the Despace Micro-Autobox generated 
code to modify its control policy which achieved the best control effect. 
3.2  The experiment results 
We adopted orthogonal experiment to measure 1000 sets data of control signals and emission to train 
the ADHDP controller offline, and then the controller was trained online again. 
The critic and action network weights are initialized randomly in the range of (-1, +1). The discount 
factor 0.95γ = . For the critic network , the learning rate is =0.3, and the desired training error is 
=0.05，the maximum training cycle is set to 50 times. For the action network , the learning rate is 
=0.3, the desired training error is =0.005，and the maximum training cycle is set to 500 times. This 
work adopted the second-order training algorithms [6] and got the following control effect: 
cl
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Fig. 2. The ADHDP controller NOx emission control effect 
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Fig. 3. The relationship of vehicle speed with NOx emission control effect for ADHDP controller 
 
The VE-pump diesel engine emission will ultimately achieve the demand by repeatedly training the 
controller and modifying the optimal targets. Figs 2 and 3 showed that a very good tracking control of the 
commanded NOx has achieved. From the following tables we can also see that PID controller 
optimization result is not distinct, there is a certain gap between state-� standard; and the optimization 
effect is improved significantly under ADHDP controller, most indexes have been above or close to the 
state-�standards. 
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Table 1. The emission effect of PID controller 
Type�test CO 
(g/km) 
HC 
(g/km) 
NOx 
(g/km) 
HC+ NOx 
(g/km) 
PM 
(g/km) 
   measurements 1.533 0.635 1.354 1.989 0.06946 
State � 0.63  0.33 0.39 0.04 
State � Fuel consumption 8.5  L/100Km 
Measured Fuel consumption 9.7  L/100Km 
Table 2. The emission optimization effect of  ADHDP controller 
Type�test CO 
(g/km) 
HC 
(g/km) 
NOx 
(g/km) 
HC+ NOx 
(g/km) 
PM 
(g/km) 
measurements 0.134 0.047 0.371 0.418 0.02201 
State � 0.63  0.33 0.39 0.04 
State � Fuel consumption 8.5  L/100Km 
Measured Fuel consumption 8.2  L/100Km 
4. Conclusion 
A new investigation for diesel engines control and calibration is proposed in this paper. In which we 
adopted action-dependent heuristic dynamic programming design, and the second-order algorithm is used 
to implement weight update for successful control actions and robust. The contrast experiment of diesel 
engine is implemented on a test bench between the proposed controller and the PID controller. The results 
showed that the proposed controller can gain a good performance of tracking the desired emission 
standard and can meet the state-� emission standards, it also has an adaptive ability to suppress the 
interference. However, exhaust emissions should be considered in a comprehensive engine control design 
in future research. 
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